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ABSTRACT 
Fused Deposition Modeling (FDM) abide as one of the newest field in Manufacturing, which is 
used for prototyping, modeling and production applications. FDM is a Technology that works 
with thermoplastics which are production-grade & is used to build dimensionally stable & 
endurable parts with the best accuracy and repeatability. Creating new material for this type of 3D 
printing is very much essential. Although various filaments made of ABS, PLA, PC, etc., exists in 
the market, a large amount of R&D work is being done for finding new materials for FDM 
application. In this paper, we are going to discuss about the extrusion of Polyamide 12 (PA12), 
testing the extrude filament for Thermogravimetry (TG) & Tensile Test and comparing the test 
results with Polylactide (PLA) material test results. Then we will discuss about, printing tensile 
test samples, according to ISO 523-4/1B/5 & comparing the tensile test results with PLA results. 
The tensile test result show that the PA12 material is much stronger that the PLA material. This 
states that the material can be used for manufacturing automotive bumpers, dashboards, wheel 
covers, etc. The new extruded material was also found to have very-good lubrication properties. 
Hence, was suggested for applications such as gears & rotating parts in automobiles. 
Keywords: Fused Deposition Modeling (FDM), Filament extrusion, Polyamide 12 (PA12), Tensile Test. 
1. INTRODUCTION 
Developing products and applications to solve real-world problems was the main 
objective, while starting this project. Creating new sustainable materials for various application 
in-order to satisfy customer needs at a low cost is the main R&D work done by engineers & 
companies to meet the global competition. The new materials should meet all the existing 
regulatory compliance for the use of the material. Fused Deposition Modelling (FDM) is one of 
the newest field in Manufacturing, used for prototyping, modelling and production applications. 
FDM is a Technology that works with thermoplastics which are production-grade & is used to 
build dimensionally stable & endurable parts with the best accuracy and repeatability. Creating 
new material for this type of 3D printing is very much essential. Although various filaments made 
of ABS, PLA, PC, etc., exists in the market, a large amount of R&D work is being done for 
finding new materials for FDM application. 
EVONIK one of the world's largest producers of Polyamide 12 (PA 12), which it markets 
as VESTAMID L. These wide range of high-performance polyamides are completely or partially 
renewable. Wanting to know if this type of material can be used for FDM type 3D Printing, we 
started to extrude the material using “3devo” - NEXT Advanced, a desktop filament maker. 
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The temperatures for extrusion was found from Thermogravimetry (TG) measurement & 
safety datasheet of the material. After extrusion, tensile-test of the extruded filament was done & 
the TG measurement was taken again to know the temperatures in which the material has to be 
printed and the temperature in which the printer bed has to be set. 
These extruded materials were then used to print test samples using “Kühling & Kühling” 
- HT500.2 3D printer. The printed samples were then tested for its mechanical properties and 
compared with existing material’s mechanical properties. The standard used for tensile testing was 
ISO 523-4/1B/5. Five samples were printed for the test. The tensile test showed the Ultimate 
Tensile Stress (MPa), Tensile Strain at Breakage (%), E-modulus (MPa), etc., The tensile test 
result show that the PA12 material is much stronger that the PLA material. This states that the 
material can be used for manufacturing automotive bumpers, dashboards, wheel covers, etc. The 
new extruded material was also found to have very-good lubrication properties. Hence, was 
suggested for applications such as gears & rotating parts in automobiles. 
2. EXPERIMENTAL SETUP 
2.1. Extrusion of PA12 
Polyamide 12 (PA12) material is used for extrusion, the product description and the 
quantity bought for the experimental use is shown in Table 1. PLA material was also extruded, in-
order to compare the results. 
Table 1 Description & quantity of materials used for extrusion 
Sl. No. Producer Product name Composition Amount [Kg] 
1 Evonik VESTAMID L1600 PA12 5 
2 3devo Granulate PLA 4043D PLA 2.5 
 
2.1.1. Drying of the material 
Before extrusion of materials, we will have to dry the material at 90°C for a minimum of 6 
hours. This is done by placing the desired wt. of granulates into the “Heraeus Instruments” - 
warming cabin, as shown in Fig. 1, for the desired amount of time. 
  
Fig: 1 The weigh-scale & the “Heraeus Instruments” used for drying the material 
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2.1.2. Extrusion of the material 
The Thermogravimetry (TG) graph & the safety data sheets for the material, as shown in 
Fig. 2., is studied for the desired temperatures for extrusion process. The pre-heated material is 
then extruded using the 3Devo - NEXT Filament Extruder, as shown in Fig. 3. The Material used 
for Extrusion - Plain PA12 - VESTAMID L1600 is shown in Fig. 4. The temperatures used to 
extrude is noted in an excel document as shown in Table 2. The extruded materials are spooled as 
shown in Fig. 5 and the excess / waste materials are stored for recycling. 
   
Fig: 2 TG graph & Safety data sheet for obtaining the temperatures for extrusion 
 
Fig: 3 3Devo - NEXT Filament Extruder which was used for extrusion 
        
 
Fig: 4 The Material used for Extrusion 
Plain PA12 - VESTAMID L1600 
Fig: 5 Spooled material used for Printing 
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Table 2 The excel sheet showing the details of extrusion process 
Start time
T1 
[°C]
T2 
[°C]
T3 
[°C]
T4 
[°C]
Dia. 
[mm]
Length 
[m]
Volume 
[cm^3]
Filament 
Wt. [g]
Density 
[kg/m^3]
A 3devo - Granulate PLA 4043D 500 02-05-2018 15:00 170 185 190 180 1.7 to 1.8 100 238 396 1664
S Evonik - VESTAMID L1600 500 24-02-2018 15:30 194 204 206 200 1.7 to 1.8 50 120 138 1150
Extrusion Settings Filament 
Batch Material Wt. [g]
 
2.2. FDM Printing 
The extruded PA12 filaments & the PLA filaments were printed according to the 
dimension as mentioned in the ISO standards, the details about the ISO standards & the machines 
used for testing are mentioned in Table 3. 
Table 3 Details about the ISO standards used for testing 
Test Tensile Test Charpy Impact Test 
ISO Standard used ISO 523-4/1B/5 ISO 179-1/1eB 
Image of front page 
  
Dimensions as in Pg. 6 of 16 9, 11, 12 of 28 
Machine used Instron 5584 Zwick 5102 
Image of the Machine 
 
 
Rate/wt. used 5 mm/min 5 kpcm ≈ 0.49 J 
No. of test samples/test 5 to 6 5 to 6 
The machine use to 3D print is Kühling & Kühling HT500.2 - 3D Printer available in 
Westfälische Hochschule, Gelsenkirchen, Germany. The image of the FDM machine is as shown 
in Fig. 6. The parameters for printing the samples are shown in Table 4. 
The Procedure for FDM printing is as follows: 
1. The test samples are designed using SolidWorks & saved as “.stl” file. 
2. This file is then imported into “Slic3r” & the G-codes are generated. 
3. The generated G-codes are uploaded to the FDM printers via LAN connection. 
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Fig: 6 Kühling & Kühling HT500.2 - 3D Printer 
 
The samples prepared with the help of FDM process using the two extruded materials 
PA12 & PLA is illustrated in the Fig. 7. These printed samples were then tensile tested & Charpy 
tested using the machines available at Westfälische Hochschule, Gelsenkirchen, Germany. The 
sample images after tests is illustrated in Fig. 8. 
  
Fig: 7 Samples prepared with the help of FDM printing – Before testing 
  
Fig: 8 Samples prepared with the help of FDM printing – After testing  
 
 
Sl. No. FDM Parameters [Unit] Values 
1 Software used Slic3r Ver. 1.2.9 
2 Orientation Y-direction (flat) 
3 Fill pattern Rectilinear 
4 Fill density [%] 100 
5 Fill Angle [°] 45 
6 Filament Dia. [mm] 1.75 
7 Layer height [mm] 0.3 
8 Extruder Temp. [°C] 215 
9 Bed Temp. [°C] 60 
10 Nozzle Dia. [mm] 0.5 
Table 4 Details of the FDM Parameters and their values 
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3. RESULTS AND DISCUSSION 
3.1. Tensile Test of Extruded filaments 
The tensile test results of extruded filaments show that the extruded material PA12 (with 
Avg. Maximum Tensile Stress as 31.06 MPa) was much stronger that the extruded PLA material 
(with Avg. Maximum Tensile Stress as 13.37 MPa). The tensile results are shown in Table 5.  
Table 5 Tensile test results of the extruded PA12 & PLA Filaments 
Code Material Composition 
Maximum 
Tensile 
Stress [MPa] 
Tensile Strain 
Breakage [%] 
Stress-Strain Curve 
AF1 3devo - Granulate PLA 4043D PLA 13.69 35.26 
 
AF2 3devo - Granulate PLA 4043D PLA 14.10 33.79 
AF3 3devo - Granulate PLA 4043D PLA 12.33 30.95 
      
SF1 Evonik - VESTAMID L1600 PA12 31.30 40.67 
 
SF2 Evonik - VESTAMID L1600 PA12 30.93 40.11 
SF3 Evonik - VESTAMID L1600 PA12 30.94 39.24 
3.2. Tensile Test of Printed material 
The FDM printed sample were tensile tested according to ISO 523-4/1B/5 standards and 
the results are shown in Table 6. The test results show that PA12 printed material with Avg. 
Maximum Tensile Stress as 48.38 MPa, is much stronger that the PLA printed material with Avg. 
Maximum Tensile Stress as 42.47 MPa. 
Table 6 Tensile test results of the Printed samples using PA12 & PLA Filaments 
Code Material Wt. [g]
Maximum Tensile 
Stress [MPa]
Tensile Strain 
Breakage [%]
E-Modulus 
[MPa]
Stress-Strain Curves
AP1 3devo - Granulate PLA 4043D 27.76 39.75 2.36 2744.79
AP2 3devo - Granulate PLA 4043D 27.71 43.41 2.27 2806.38
AP3 3devo - Granulate PLA 4043D 27.80 44.27 2.31 2852.76
AP4 3devo - Granulate PLA 4043D 27.74 41.13 2.12 2798.71
AP5 3devo - Granulate PLA 4043D 27.73 43.81 2.38 2871.07
SP1 Evonik - VESTAMID L1600 26.18 45.32 4.97 1249.89
SP2 Evonik - VESTAMID L1600 26.16 48.07 4.83 1308.99
SP3 Evonik - VESTAMID L1600 26.16 48.78 5.17 1244.98
SP4 Evonik - VESTAMID L1600 26.13 49.02 4.98 1334.60
SP5 Evonik - VESTAMID L1600 26.12 50.47 4.87 1374.41
SP6 Evonik - VESTAMID L1600 26.15 48.63 4.96 1298.59  
3.3. Charpy Test of Printed material 
The FDM printed sample were Charpy tested according to ISO 179-1/1eB standards and 
the results are shown in Table 7. The test results show that PA12 printed material with Avg. a cN 
2.56 kJ/m², is much stronger that the PLA printed material with Avg. a cN 2.59 kJ/m². 
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Table 7 Charpy test results of the Printed samples using PA12 & PLA Filaments 
Code Material 
 
Wt. 
[g] 
E c 
[J] 
a cN 
[kJ/m²] 
Avg. 
Wt. [g] 
Avg. a cN 
[kJ/m²] 
        
AC1 3devo - Granulate PLA 4043D 
 
3.53 0.09 2.81 
3.46 2.56 
AC2 3devo - Granulate PLA 4043D 
 
3.40 0.08 2.50 
AC3 3devo - Granulate PLA 4043D 
 
3.43 0.075 2.34 
AC4 3devo - Granulate PLA 4043D 
 
3.40 0.08 2.50 
AC5 3devo - Granulate PLA 4043D 
 
3.54 0.085 2.66 
       
SC1 Evonik - VESTAMID L1600 
 
3.47 0.08 2.50 
3.55 2.59 
SC2 Evonik - VESTAMID L1600 
 
3.60 0.09 2.81 
SC3 Evonik - VESTAMID L1600 
 
3.60 0.08 2.50 
SC4 Evonik - VESTAMID L1600 
 
3.59 0.085 2.66 
SC5 Evonik - VESTAMID L1600 
 
3.52 0.08 2.50 
4. CONCLUSION 
EVONIK one of the world's largest producers of Polyamide 12 (PA 12), which it markets 
as VESTAMID L. These wide range of high-performance polyamides are completely or partially 
renewable. Wanting to know if this type of material can be used for FDM type 3D Printing, we 
started to extrude the material using “3devo” - NEXT Advanced, a desktop filament maker. 
The temperatures for extrusion was found from Thermogravimetry (TG) measurement & 
safety datasheet of the material. After extrusion, Tensile-test of the extruded filament was done & 
the TG measurement was taken again to know the temperatures in which the material has to be 
printed and the temperature in which the printer bed has to be set. 
These extruded materials were then used to print test samples using “Kühling & Kühling” 
- HT500.2 3D printer. The PA12 printed samples were then tested for its mechanical properties 
and compared with PLA printed samples. The tensile test result show that the PA12 material is 
much stronger that the PLA material. This states that the material can be used for manufacturing 
automotive bumpers, dashboards, wheel covers, etc. The new extruded material was also found to 
have very-good lubrication properties. Hence, was suggested for applications such as gears & 
rotating parts in automobiles. 
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